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SYNOPSIS 
Creep is defined as plastic deformation at constant stress or load at temperatures 
exceeding 0.4 T,, where T, is the absolute melting temperature. Extended creep or 
superplasticity is the ability of a material to undergo large tensile deformation, of the order of 
. 
1000%, without necking. The high temperature creep and superplastic rates (6) can be 
described by a generalized equation of the form, 
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where A is a dimensionless constant, D is the diffusion coefficient, G is the shear modulus, b is 
the magnitude of the Burgers vector, k is Boltzmann's constant, T is the absolute temperature, d 
is the grain size, p is the inverse grain size exponent, o is the applied stress and n is the stress 
exponent. The diffusion coefficient is expressed as D=Do exp (-QRT),  where Do is a pre- 
exponential term, Q is the appropriate activation energy and R is the gas constant. The quantities 
n, p and Q are collectively called creep parameters. The rate controlling mechanism for 
superplasticity is usually determined by comparing experimentally obtained and theoretically 
predicted creep parameters, together with appropriate microstructural characterization. 
The material 3 mol% yttria stabilized tetragonal zirconia (3YTZ) has been shown to be 
superplastic. However, the rate controlling mechanism has not yet been clearly identified. 
Various mechanisms such as two sequential processes involving grain boundary sliding (GBS), 
GBS involving a threshold stress, interface controlled Coble creep and an intragranular 
dislocation recovery controlled GBS mechanism with a threshold stress have been identified 
based on the creep parameters and some microstructural evidences. 
One crucial step in the understanding of the rate controlling mechanisms involves the 
comparison of the experimentally obtained and theoretically predicted creep rates. It is clear 
from eqn. (1) that such comparison requires the appropriate difksion coefficient. However, 
there is no d i fh ion data available yet on 3YTZ due to the difficulty involved in measuring the 
grain boundary diffusivities. The theory of grain boundary difhsion demands that for reliable 
difhslvity measurements the lattice penetration of the diffusing species should be less than the 
grain size. Since 3YTZ spontaneously transforms to monoclinic phase above 1 pm, this requires 
a tool with good depth resolution to measure reliable difision profiles. 
In oxide ceramics where the defect formation energies are high, even a small amount of 
impurity can cause significant changes in the high temperature properties such as diffusion and 
superplasticity, rendering difficult the comparison of data from materials with differing impurity 
levels. The present study was carried out with the following objectives: (i) to obtain lattice and 
grain boundary cation difision data in a high purity 3YTZ, (ii) to obtain superplasticity data 
fkom the same batch of high purity 3YTZ and (iii) to utilize the diffusion data to unambiguously 
determine the rate controlling superplastic mechanism. 
Diffusion experiments 
For the diffusion experiments two different cations were used, ~ f 4 C  and yb3+. Hafnium 
oxide and ytterbium oxide were deposited on the surface of the 3YTZ samples with an initial 
grain size of 0.8 pm with a pulsed excimer laser. The thickness of the film was about 40 nm. 
The samples were diffusion annealed at temperatures from 1673 to 1873 K for various times by 
suppressing grain growth. Secondary Ion Mass Spectrometry (SIMS), which has a depth 
resolution of few nanometers, was used to measure the variation of concentration of the diffusing 
species with time. A profilometer study of the crated depth was used to convert the time scale to 
3 depth scale. Analysis of the diffusion profiles resulted in the following lattice and grain 
boundary diffusion coefficients for the two species, obtained for the first time. 
From the analysis of the diffusion data and comparison of the present data with previous 
studies on cubic zirconia it was found that the diffisivities did not have significant dependencies 
on the mass of the diffusing species, crystal structure and yttria content of the material. Thus, 
HP' and yb3' diffisivities along lattice and grain boundaries were not significantly different 
from the self difhsivities of zr4'and y3+ ions respectively in cubic zirconia. Therefore it was 
concluded that ~f'+ and yb3+ acted as tracers for zr4+ and y3+ respect~vely. The differences in 
the lattice difhsivities of cations could be rationalized based on charge densities, the diffusivity 
decreasing with the increase in charge density of the species. 
Creep experiments 
Creep experiments were carried out on samples with initial grain sizes from 0.4 to 0.8 
pm. The temperature range used was 1673 to 1773 K and the stress range was 5 to 400 MPa. 
The testing was done in three different modes: constant stress, constant cross head velocity and 
stress jump. The creep behaviour of 3YTZ was found to fall under three distinct regimes. At 
high stresses, a stress exponent of n-5 was found, irrespective of grain size. At intermediate 
stresses, a stress exponent of n-1 was found with p-3 and 4-460 kJ mol-'. At low stresses, a 
stress exponent of n-3 with p-1 and 4-530 kJ mol-' was found. The transition stress from n-1 
to n-3 region was found to increase with a decrease in grain size. 
In order to critically evaluate the possibility of an intragranular dislocation recovery 
;ontrolled GBS mechanism, a sample was cooled under load after deformation at a constant 
stress of 50 MPa and a temperature of 1673 K. The cooled sample was later examined by 
Transmission Electron Microscopy. Careful inspection of the sample under a defect contrast 
snhanced mode inside the grains and at grain boundaries and triple points revealed the absence 
~f dislocation activity. 
It was found that the previous data on 3YTZ of comparable purity and creep rates could 
be classified on the basis of the transition from n-1 at intermediate stresses to n-3 at low 
stresses. Using the diffusion data obtained in the present study, a comparison was made between 
tfie various predicted and experimental creep rates, including data from other studies of 
xii 
comparable purity. It was found that an interface controlled Coble creep process could provide a 
good fit of the experimental data over the entire range of the stress in all studies. 
